Deep infection following total knee arthroplasty is a catastrophic complication. Recently, antibiotic-loaded bone cement has been applied to prevent deep infection after total joint arthroplasty. However, there is still controversy about the prophylactic effect of antibiotic-loaded bone cement after primary total knee arthroplasty. This study reviewed 2293 patients who underwent primary total knee arthroplasty with 1-year follow-up at the authors' hospital between February 2003 and October 2012 (mean±SD age, 64.8±10.7 years; male-to-female ratio, 1:5). All potential risk factors, including sex, age, height, weight, body mass index, diagnosis (osteoarthritis or other), diabetic status, operative time (categorized as either ≤120 minutes or >120 minutes), bilateral/unilateral procedure, surgeon volume (categorized as either ≥30 cases/year or <30 cases/year), and bone cement type, were collected. A total of 10 patients who had deep infection were identified during follow-up. Rates of deep infection for antibiotic-loaded bone cement and for plain cement were both 0.40%, and the difference was not significant with Fisher's exact test (P=1.000). Adjusted for the unevenly distributed risk factors (age, height, weight, diagnosis, bilateral/ unilateral surgery, and operative time) in both groups, the results of logistic analysis showed that antibiotic-loaded bone cement did not reduce the rate of deep infection following primary total knee arthroplasty compared with plain cement (P=.865; odds ratio, 0.835; 95% confidence interval, 0.105-6.713). The study showed that antibiotic-loaded bone cement had no effect on the prevention of deep infection after primary total knee arthroplasty. [Orthopedics. 2015; 38(6):e462-e466.] The authors are from the
D
eep infection has always been a catastrophic complication after total knee arthroplasty (TKA). It not only affects patients' physical health and physicians' and patients' psychological health but also causes a serious social and economic burden. 1 An incidence rate of 1% to 3% has been reported. 2 In the United States, the cost of treating deep infections after primary arthroplasty has been estimated at $40 to $80 million annually. 3 The direct costs of revision arthroplasty for deep infection exceed $55,000. Indirect economic loss was not included in these results. In 1970, Buchholz and Engelbrecht 4 proposed the addition of antibiotics to bone cement to prevent deep infection after total joint arthroplasty. Currently, antibiotic-loaded bone cement is widely used all over the world, especially in Northern Europe. 5 The value of antibiotic-loaded bone cement has been accepted in revision arthroplasty. 6 However, its prophylactic use in primary total joint arthroplasty was mainly based on data on total hip arthroplasty, and there was little literature on TKA. 3 Recently, several reports confirmed that antibioticloaded bone cement had no effect of on reducing the rate of deep infection after primary TKA. [6] [7] [8] [9] This study analyzed the effect of antibiotic-loaded bone cement with a retrospective analysis based on hospital data and a review of the literature.
Materials and Methods

Study Sample
A retrospective cohort study was performed using data on patients who underwent primary TKA at the authors' hospital between February 2003 and October 2012. All patients underwent primary TKA in surgical suites with laminar airflow exchange. Systemic prophylactic antibiotics were administrated intravenously within half an hour preceding the incision and continued until more than 24 hours after the operation. Prostheses were fixed with either commercial antibiotic-loaded bone cement (0.5-0.8 g gentamicin/40 g) or plain bone cement. All patients were evaluated by the surgeon 1 month, 3 months, 6 months, and 12 months after surgery. All potential risk factors, including sex, age, height, weight, body mass index, diagnosis (osteoarthritis and other), diabetic status, operative time (≤120 minutes or >120 minutes), bilateral/unilateral procedure, and surgeon volume (≥30 cases/y or <30 cases/y), other than bone cement type were collected. The diagnosis of deep infection was made according to the criteria of the Centers for Disease Control 10 ( Table 1 ). The study design was reviewed and approved by the ethics committee of the authors' hospital. Patients provided informed consent before surgery.
Statistical Analysis
Mean, SD, and proportions were used to describe the overall sample as well as the groups identified by the type of bone cement. 
results
A total of 2293 primary TKA procedures were included in this study. Average patient age was 64.8±10.7 years (range, 14-92 years), and the sex ratio was 1:5 (male, 16.96%; female, 83.04%). There were 2013 patients with the diagnosis of osteoarthritis (87.79%). The other 280 patients (12.21%) underwent TKA because of rheumatoid arthritis, ankylosing spondylitis, hemophilic arthritis, or tumor. In 256 patients (11.16%), antibiotic-loaded bone cement was used to fix the prosthesis; in 2037 patients (88.84%), plain bone cement was used to fix the prosthesis.
The rate of deep infection in both groups was 0.4%, and there was no statistically significant difference (P=1.000). As shown in Table 2 , the distributions of 
Criteria for the Diagnosis of Deep Infection
Occurring within 1 year of the procedure Related to the procedure Involving deep soft tissue, such as the fascia, muscles, or joints Plus ≥1 of the following criteria Purulent drainage from the incision Deep incision that spontaneously dehisces or is deliberately opened by a surgeon when the patient has at least 1 of the following signs or symptoms: fever (≥38°C), localized pain, or tenderness (unless culture findings are negative)
Abscess or other evidence of infection involving the incision found on direct examination or by histopathologic or radiologic examination Diagnosis of a deep incisional surgical site infection by a surgeon or attending physician age, height, weight, diagnosis, bilateral/ unilateral surgery, and operative time were significantly different between the antibiotic-loaded bone cement and plain bone cement groups. Therefore, they might be confounding factors. A binary logistic regression model was used for multivariate analysis, and the results showed that the use of antibiotic-loaded bone cement was not predictive of a lower incidence of deep infection at 1 year (Table 3 ) (P=.865; odds ratio, 0.835; 95% confidence interval, 0.104-6.713). Analysis with Power and Sample Size Calculation showed a power of 5%. Table 4 shows a summary of the patients with deep infection. The delay between the procedure and deep infection varied from 1 week to 8 months. The positive rate of bacterial culture was 80% (8/10). Most pathogenic bacteria were gram-positive cocci, and only 1 patient was infected with gram-negative bacillus. Of the pathogenic bacteria, 85.7% (1/7) were sensitive to gentamicin, and all were sensitive to vancomycin. Even the pathogenic bacteria that infected the patient with antibiotic-loaded bone cement containing gentamicin were sensitive to gentamicin.
discussion
Although antibiotic-loaded bone cement is widely used to fix prostheses in primary TKA all over the world, especially in some Northern European countries, the prophylactic effect against deep infection remains controversial. To address this controversy, the authors first performed a retrospective cohort study based on their own data. The result showed that antibiotic-loaded bone cement did not significantly reduce the rate of deep infection 1 year after primary TKA (P=.865). Second, the authors corroborated their findings with a review of the literature in the databases (ie, PubMed/Medline, Embase, and Cochrane Library).
The literature review identified 7 articles that were closely related to the effect of routine use of antibiotic-loaded bone cement in primary TKA. In the early 21st century, 2 prospective randomized trials 13,14 and 1 retrospective cohort study 15 were published on the prophylactic effect of antibiotic-loaded bone cement against deep infection. In the 2 prospective randomized trials, Chiu et al 13, 14 reported that cefuroxime-impregnated cement could reduce the deep infection rate from 3.1% (5/162) to 0 (0/178) in the general population and from 13.5% (5/37) to 0 (0/41) in patients with diabetes without the use of clean air measures (Fisher's exact test, P<.05). 13, 14 When the sample data were compared between both trials, all 5 deep infections occurred in patients with diabetes mellitus. There might be a confounding effect of diabetes mellitus without an adjustment with a multivariate analysis in the general population. Therefore, it was not accurate to conclude that antibiotic-loaded bone cement provided a prophylactic effect against deep infection in the general population. 16 In the other retrospective cohort study, although Eveillard et al 15 concluded that antibiotic-loaded bone cement can prevent infection in TKA, there is a limitation for the P value close to the limit of significance (9.51% vs 1.21%; P=.07).
Recently, data from the other 2 retrospective cohort studies, 7,17 1 prospective randomized trial, 6 and 1 retrospective casecontrol study 9 supported the conclusion that antibiotic-loaded bone cement could not prevent deep infection after primary TKA. Using data from a community-based total joint registry in the United States, Namba et al 17 found no difference in the rates of deep infection (P=.002) between patients given antibiotic-loaded bone cement (1.4%, 28/2030) and those given plain bone cement (0.7%, 154/20,869). In 2013, after analyzing the risk factors associated with deep infection using the same database, Namba et al 9 noted that antibiotic-loaded bone cement may not be useful in preventing deep infection after primary TKA. These studies did not report the type of antibiotic-loaded bone cement used, the use of ultraclean air, or the use of systemic antibiotics.
9,17 Gandhi et al 7 reached same conclusion in 2009 using monocentric data (2.2% vs 3.1%, P=.84). Hinarejos et al 6 compared the rates of deep infection of antibiotic-loaded vs plain cement in a prospective randomized study (2948 cases) and found that the use of erythromycin-and colistin-loaded bone cement in TKA did not lead to a decrease in the rate of infection when systemic prophylactic antibiotics were used (1.37% vs 1.35%, P=.96). The difference between these 5 studies (including the current study) and the previous 3 studies was the followup time (12 months vs >12 months). The prophylactic effect of antibiotic-loaded bone cement in the later period should be further evaluated.
Limitations
Statistical power is defined as 1-ß (ie, the probability of correctly rejecting the null hypothesis, H 0 , when a true association is present). 18 As the study results showed, the authors could reject the null hypothesis, H 0 , that the failure rates for experimental and control subjects are equal with a probability (power) of 5%. An ideal study should have small probabilities for both types of error, so this was a limitation of the study. Because statistical power depends on 3 classes of parameters, significance level, sample size, and an effect size parameter defining H 1 and thus indexing the degree of deviation from H 0 in the underlying population, the authors believe that the low power was associated with the small sample size (especially for the group receiving antibiotic-loaded bone cement). A multicenter study with a larger sample size is needed to confirm the results.
Otherwise, a cost analysis could not be performed because funding was not available for the routine use of antibiotic- loaded bone cement at the authors' hospital. The cost of antibiotic-loaded bone cement as reported would exceed $650 per joint. 19 A cost analysis should be included in a future multicenter study.
conclusion
Because of the finding of pathogenic bacteria, it was appropriate to add gentamicin to the bone cement because resistance occurred in only 1 case (14.3%). The finding of deep infection with methicillinsensitive Staphylococcus aureus organisms that were sensitive to gentamicin in a patient with antibiotic-loaded bone cement containing gentamicin could be associated with the formation of an infectious biofilm. 20 The authors did not believe that the prophylactic effect of antibiotic-loaded bone cement against deep infection could be improved by changing to vancomycin.
Because of the potential for allergic reactions to antibiotics 21 and the increase in cost associated with its use, 17 the authors do not recommend routine use of antibiotic-loaded bone cement in primary TKA.
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